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Name of submitting author  Dr. Erik Adli 
Institution  University of Oslo and SLAC 
Email  eadli@slac.stanford.edu 
Abstract Title  Cherenkov light based spectrometer for FACET 
Author/Affiliation listing  E. Adli (University of Oslo and SLAC), M. Hogan, 

S. Corde, S. Li (SLAC) 
Abstract  For imaging the electron beam in the FACET plasma-

wakefield acceleration experiment, a spectrometer 
based on Cherenkov light has been designed. This 
spectrometer type has the advantage of giving a 
signal, which is mostly independent of the electron 
energy and at the same time being proportional to the 
electron charge. 

Summary  
For imaging the electron beam in the FACET plasma-wakefield acceleration experiment, 
a spectrometer based on Cherenkov light emitted in air has been designed. After 
interacting with the plasma the electron beam will have a very large energy spread. This 
spectrometer type has the advantage of giving a signal, which is mostly independent of 
the electron energy and at the same time being proportional to the electron charge. In 
addition, the components and total cost of the spectrometer are reasonably cheap. We 
present design considerations for and performance characteristics of the FACET 
spectrometer. 
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Name of submitting author  Dr. Felicie Albert 
Institution  Lawrence Livermore National Laboratory 
Email  albert6@llnl.gov 
Abstract Title  Development of Compton scattering Gamma-ray 

sources at LLNL 
Author/Affiliation listing  F. Albert, S. G. Anderson, C. A. Ebbers, D. J. 

Gibson, F. V. Hartemann, R. A. Marsh, M. J. 
Messerly, M. A. Prantil, S. Wu, C. P. J. Barty 

Abstract  The development of a Compton scattering gamma-ray 
source currently underway at LLNL will be 
presented. The source will be able to produce photons 
up to energies of 2.5 MeV. Designs and numerical 
simulations will be discussed. 

Summary  
Compact Compton scattering gamma-ray sources offer the potential of studying nuclear 
photonics with new tools. The optimization of such sources depends on the final 
application, but generally requires maximizing the spectral density (photons/eV) of the 
gamma-ray beam while simultaneously reducing the overall bandwidth on target to 
minimize noise. We have developed an advanced design for one such system, comprising 
the RF drive, photoinjector, accelerator, and electron-generating and electron-scattering 
laser systems. This system uses a 120 Hz, 250 pC, 2 ps, 0.35 mm mrad electron beam 
with 250 MeV maximum energy in an X-band accelerator scattering off a 150 mJ, 10 ps, 
532 nm laser to generate ~5x1010 photons/eV/s/Sr at 0.5 MeV with an overall bandwidth 
of less than 1%. The source will be able to produce photons up to energies of 2.5 MeV. 
Concurrently we are exploring a more advanced design; with a system using a series of 
up to 1000 25-pC bunch es with 11.424 GHz spacing interacting with a several ns long 
laser. Initial studies show that this system has the potential of significantly reducing the 
delivered gamma-ray bandwidth. An overview of these designs will be presented, with 
emphasis on the X-band linac being currently commissioned at LLNL. We will also 
discuss Compton scattering gamma-ray source predictions given by numerical codes.  
 
This work was performed under the auspices of the U. S. Department of Energy by 
Lawrence Livermore National Laboratory under Contract No. DE-AC52-07NA27344 
and supported by the Laboratory Directed Research and Development Program at LLNL 
under tracking code 12-ERD-057.  
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Name of submitting author  Gerard Andonian 
Institution  UCLA 
Email  gerard@physics.ucla.edu 
Abstract Title  Scheme for longitudinal bunch length diagnostic 

with subfemtosecond resolution 
Author/Affiliation listing  G. Andonian, P. Musumeci, J. Rosenzweig, F. 

O'Shea (UCLA), E. Hemsing, D. Xiang (SLAC), A. 
Murokh (RadiaBeam Technologies) 

Abstract  We present a scheme for a longitudinal diagnostic 
that has the potential to achieve sub-femtosecond 
resolution. The scheme relies on an e-beam laser 
interaction to impose an angular modulation on the 
beam, in conjunction with a transverse cavity (RF 
deflector), that is observable with present-day optical 
diagnostics. 

Summary  
The measurement of the longitudinal profile of a high-brightness electron beams is 
crucial for studies of ultrashort bunches. We present a method to measure the bunch 
length and longitudinal profile of ultrashort pulses that has the potential to reach sub-
femtosecond temporal resolution.  The m ethod involves a -wavelength horizontal 
angular modulation on the beam imparted by an e-beam laser interaction inside a planar 
undulator. A subsequent (vertical) modulation is imparted at longer wavelengths due to 
an RF deflector. The modulations are observable on a downstream screen. The method 
has been investigated analytically and in simulation for the UCLA Neptune, SLAC 
NLCTA, and BNL ATF facilities. A proof-of-principle experiment is planned for the 
BNL ATF. 
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Name of submitting author  Dr. Sergey Antipov 
Institution  Euclid Techlabs LLC / Argonne 
Email  s.antipov@euclidtechlabs.com 
Abstract Title  Experimental demonstration of wakefield effects 

in a THz planar diamond accelerating structure 
Author/Affiliation listing  C. Jing, S. Antipov, P. Schoessow, J. Butler, S. Zuo 

and A. Kanareykin / Euclid Techlabs, LLC, 5900 
Harper Rd, Solon, OH-44139. 
W. Gai / High Energy Physics Division, Argonne 
National Laboratory, Argonne, IL-60439. 
V. Yakimenko, M. Fedurin, K. Kusche / Accelerator 
Test Facility, Brookhaven National Laboratory, 
Upton, NY-11973 

Abstract    In this paper we present results from wakefield tests 
of structures at the Accelerator Test Facility (ATF at 
BNL). We have directly measured THz wakefields 
induced by a subpicosecond, intense relativistic 
electron bunch in a diamond loaded accelerating 
structure via the wakefield acceleration method. 

Summary    
Diamond has been studied as a candidate for dielectric loaded accelerating structures. It 
has low microwave loss, high breakdown threshold and the highest available 
thermoconductive coefficient. High quality diamond can be grown using a chemical 
vapor deposition process. Surface treatment, like dehydrogenation or oxidation, can 
dramatically reduce secondary electron emission from the diamond.       
measured THz wakefields induced by a subpicosecond, intense relativistic electron bunch 
in a diamond loaded accelerating structure via the wakefield acceleration method. We 
present here the beam test results from the diamond-based structure. Diamond has been 
chosen for its high breakdown threshold and unique thermoconductive properties. Fields 
produced by a leading (drive) beam were used to accelerate a trailing (witness) electron 
bunch, which followed the drive bunch at a variable distance. The energy gain of a 
witness bunch as a function of its separation from the drive bunch describes the time 
structure of the generated wakefield. 
 
Ref: [1] S. Antipov, et. al. Appl. Phys. Lett. 100, 132910 (2012)   
[2] S. Antipov, et al, Proc. PAC11, 2011, pp. 2074-2076. 
[3] S. Antipov, et al., Proc AAC10., pp. 359-363 ( 2010). 
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Name of submitting author  Mr. Nicolas Bourgeois 
Institution  University of Oxford 
Email  n.bourgeois1@physics.ox.ac.uk 
Abstract Title  Transverse beam profile measurements of laser–

accelerated electrons using coherent optical 
radiation. 

Author/Affiliation listing  N. Bourgeois, W. Rittershofer, S. Bajlekov, S. M. 
Hooker 
Clarendon laboratory, University of Oxford, UK 
M. Heigoldt, S-W. Chou, A. Popp, K. Khrennikov, S. 
Karsch 
Max-Planck-Institute für Quantenoptik, Germany 

Abstract  In this talk we describe the use of coherent optical 
transition radiation (COTR) for measuring the 
transverse profile of laser-accelerated electron 
bunches. The electron beam profiles are reconstructed 
from COTR measurements and compared to 
scintillator-based beam profile measurement 
techniques. 

Summary  
Experimental measurements of COTR emitted from laser-accelerated electrons were 
carried out at the Max-Planck-Institute für Quantenoptik (MPQ) in Garching, Germany. 
In the experiments discussed here the target was a steady-state-flow gas cell and the 
optical transition radiation was produced by the ultra-short electron bunch crossing the 
surface of two thin metallic screens. The first screen was located just at the exit of the gas 
cell and the second screen was 0.5m downstream; each screen was imaged onto a CCD 
camera. This radiation was emitted coherently since the electron bunch length was 
shorter than the visible wavelengths detected.  Previous experiments to measure the 
transverse profile of particle beams with OTR used the incoherent part of the spectrum. 
Coherent OTR was considered to be unsuitable for this application owing to the effects of 
interference of the radiation generated from different parts of the screen leading to a 
characteristic ring-shaped image, as previously observed for RF-accelerated electron 
beams [1]. We show here that it is nevertheless possible to reconstruct the transverse 
profile of the electron bunch from the measured near-field image of COTR. The 
transverse profiles reconstructed from COTR are compared to those measured directly – 
on the same shot – with Lanex screens and YAG crystals located close to the OTR 
screen.  Finally we present single shot measurements of the beam profile and divergence 
deduced from the COTR produced at the two screens.    
 
1. R. Akre et al., Phys. Rev. ST AB 11, 030703 (2008). 
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Name of submitting author  Dr. Enrico Brunetti 
Institution  University of Strathclyde 
Email  enrico.brunetti@strath.ac.uk 
Abstract Title  Characterisation of electron beams from laser-

driven particle accelerators 
Author/Affiliation listing  E. Brunetti, R. P. Shanks, G. G. Manahan, M. R. 

Islam, B. Ersfeld, M. P. Anania, S. Cipiccia, R. C. 
Issac, G. H. Welsh, S. M. Wiggins, D. A. Jaroszynski 
University of Strathclyde 

Abstract The development, understanding and application of 
laser-driven particle accelerators require accurate 
measurements of the beam properties, in particular 
emittance, energy spread and bunch length. Here we 
report measurements and simulations showing that 
laser wakefield accelerators can produce beams of 
quality comparable to conventional linear 
accelerators. 

Summary 
Laser wakefield accelerators have been proved compact sources of relativistic electron 
beams with energies up to GeV levels, prompting the investigation of their suitability as 
drivers of table-top synchrotron sources. Proof-of-principle experiments have been 
successfully performed by passing laser-produced electron beams through undulators. 
However, the development of high-brilliance sources, and eventually free-electron lasers, 
requires high quality electron beams.            
particle beam is the emittance, which is roughly defined as the volume in phase space 
occupied by the particles. Here we present high-resolution measurements of the emittance 
of 125 MeV electron beams performed by using the pepper-pot method, which consists of 
passing a particle beam through a mask with an array of small holes. A measurement of 
the position and size of the beamlets drifting away after the mask enables the 
reconstruction of the beam transverse phase-space, and therefore of the emittance. The 
analysis of 64 shots indicates that the emittance is about 2 pi mm mrad in average, with 
best value of 1 pi mm mrad, which corresponds to the resolution limit of our detection 
system. This is comparable to conventional linear accelerators.       
the pepper-pot method can provide additional information on electron beam properties 
such as pointing, energy and energy spread. It can also help diagnose the performance of 
magnetic lenses, which can be used to focus or collimate an electron beam. In 
combination with high-resolution spectrometers and diagnostics based on the 
measurement of undulator and transition radiation, a full characterisation of laser-driven 
particle accelerators is possible. 
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Name of submitting author  Dr. Seth Brussaard 
Institution  Eindhoven University of Technology 
Email  g.j.h.brussaard@tue.nl 
Abstract Title  Issues in external injection of electrons into laser 

wakefield accelerators 
Author/Affiliation listing  Seth Brussaard / Eindhoven University of 

Technology 
Xavier Stragier / Eindhoven University of 
Technology 
Walter van Dijk / Eindhoven University of 
Technology 
Arie Irman / University of Twente 
Mark Luttikhof / University of Twente 
Arsen Kahchatryan / University of Twente 
Fred van Goor / University of Twente 
Klaus Boller / University of Twente 
Marnix van der Wiel / Eindhoven University of 
Technology  
Jom Luiten / Eindhoven University of Technology 

Abstract  External injection of electrons in a laser wakefield 
accelerator seems feasible, using existing RF 
photogun technology. We review two regimes, 
injection behind the laser pulse in a linear plasma 
wave, and injection in front of a (stronger) laser 
pulse, with compression and acceleration in a 
nonlinear plasma wave. 

Summary  
Injection of electrons from ‘conventional’ RF photoguns into a laser wakefield accelerator has 
several interesting features, resulting from the fact that the injection process and acceleration can 
be separately tuned and optimized. This may allow better tunability and stability of the output 
energy, but comes with considerable experimental challenges. In this talk we review the efforts to 
use RF photoguns as injectors for laser wakefield accelerators, the theoretical models and 
predicted outcome, as well as the technological steps that have been taken sofar to control timing 
and stability of the injected electron bunches. Two regimes have been studied in some detail. In 
the first, the electrons are injected behind the laser pulse. This requires only moderate laser power 
(2-3 TW) and the electrons can be accelerated in linear wakefields, which should allow for 
precise tunability of the energy after LWA. The second regime relies on nonlinear wakefields to 
compress and accelerate electrons that are injected ahead of the laser pulse and are overtaken by 
the plasma wakefield. The collection efficiency and the final energy of the electrons in the latter 
case is higher, but more laser power is required (10-30 TW). Both regimes require accurate 
timing of the injected bunches, with jitter of less than 100 fs (approximately one plasma 
wavelength) between the electron bunches and the laser pulse at the entrance of the plasma 
channel. The required injection energy is in the 2-10 MeV range, keeping the setup relatively 
compact. On the basis of beam characteristics measured at the output of the RF photogun, the 
final energy that can be attained after a single stage of acceleration will be in the 100 MeV-1 GeV 
range, depending on the LWA regime, with bunch charges of 1-10 pC. 
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Name of submitting author  Dr. Chiping Chen 
Institution  Massachusetts Institute of Technology 
Email  chenc@psfc.mit.edu 
Abstract Title  Simulation of Periodically Focused, Adiabatic 

Thermal Beams 
Author/Affiliation listing  Chiping Chen 

Timothy J. Barton 
David M. Field  
Kevin M. Lang 

Abstract  Self-consistent particle-in-cell simulations are 
performed to verify earlier theoretical predictions of 
adiabatic thermal beams in a periodic solenoidal 
magnetic focusing field.  

Summary  
The discovery of the adiabatic thermal beam equilibrium was an important advance in 
beam physics, overcoming the shortcoming of the Kapchinskij-Vladmirskij (KV)-type 
beam equilibrium in a periodic solenoidal magnetic focusing field. The KV-type beam 
equilibrium has a singular ( function) distribution in the four-dimensional phase space. 
Such a function distribution gives a uniform density profile across the beam in the 
transverse directions, and a transverse temperature profile which peaks on axis and 
decreases in a quadratic manner to zero on the edge of the beam. Because of the 
singularity in the distribution functions, KV beam equilibria are not likely to occur in real 
physical systems and cannot provide realistic models for theoretical and experimental 
studies and simulations except in the zero-temperature limit. For example, the KV-type 
beam equilibrium model cannot be used to explain the beam tails in the radial 
distributions observed i n the UMER experiment. Furthermore, if one attempts to 
describe a realistic beam using the concept of an equivalent KV beam, the quadratic 
temperature profile induces an artificially repulsive pressure force, resulting in not only a 
unrealistically lower density of the beam on the axis but also unrealistic beam dynamics 
in phase space.    In this paper, w e report resu   -dimensional (2D) particle-in-
cell (PIC) simulations which further validate the theoretical predictions of the adiabatic 
thermal beam equilibrium. In particular, we discuss simulation results for adiabatic 
thermal beams that do not rotate in the Larmor frame. For such beams, the simulation 
results verify the theoretical predictions of the rms beam envelope, the conservations of 
the rms thermal emittances, the adiabatic equation of state, and the Debye length. They 
also show beam stability in the parameter regime where the simulations are performed.  
 
This research was supported by DOE Grant No. DE-FG02-95ER40919 and Grant No. 
DE-FG02-05ER54836 and MIT Undergraduate Research Opportunity Program (UROP). 
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Name of submitting author  Dr. Shouyuan Chen 
Institution  University of Nebraska 
Email  schen6@unl.edu 
Abstract Title  All optical driven bright Gamma ray source 

generated by inverse Compton scattering 
Author/Affiliation listing  S. Chen1, N. D. Powers1, I. Ghebregziabher1, C. M. 

Maharjan1, C. Liu1, G. Golovin1, S. Banerjee1, J. 
Zhang1, N. Cunningham1†, A. Moorti1+, S. Clarke, S. 
Pozzi2, and D. P. Umstadter1 
1 Department of Physics and Astronomy, University 
of Nebraska, Lincoln. 
2 Department of Nuclear Engineering & Radiological 
Sciences, University of Michigan, Ann Arbor. 
† Current address: Physics Department, Nebraska 
Wesleyan University, Lincoln, NE 68504 (USA). 
+ Current address: Raja Ramanna Centre for 
Advanced Technology, Indore - 452 013, India. 

Abstract By colliding 1.5 eV photons with 250 MeV laser-
wakefield-accelerated electrons generated from the 
same laser system, ultrafast x-rays, with divergence 
of ~10 mrad and energy up to ~2 MeV, are generated 
via inverse Compton scattering. 

Summary   
We report, according to our knowledge, the first observation of gamma ray beam up to 2 
MeV from all optical based accelerator and undulator. The experiments were conducted 
using Diocles 100 TW laser system [1]. A 2.4-J laser pulse was split into a drive pulse 
and a scattering pulse with a ratio of 80% and 20% to drive the laser wakefield 
accelerator or laser undulator, respectively. The measured electron beam spectrum 
typically had a cutoff energy of 250 MeV with 100 pC charge. After overlapping the 
scattering laser beam with electron beam, generated gamma ray was detected by a CsI(Tl) 
crystal scintillator array coupled to a 14-bit CCD camera. The observed gamma ray beam 
had 12 mrad divergences with 1×10^7 photon number. A quad filter was used to estimate 
the gamma ray energy spectrum. With one quadrant uncovered, we were able to 
determine transmittance of each of the rest three quadrant filters. A numerical code was 
developed to simul ate the angular resolved gamma spectrum [2]. The simulated CsI 
image was then obtained using MCNPX by calculation of the gamma ray transportation 
and response of the CsI detector [3]. The simulated transmittance showed a good 
agreement with experimentally measured value, which indicated the gamma ray source 
had a peak spectrum value of 1.2 MeV. In addition, the gamma ray source size was 
characterized to be 5.1 micron. The pulse duration is referred to be ~10 fs from the 
relevant electron pulse duration measurement [4], which lead to a source peak brightness 
of 2 x 10^19 photons / s-mm^2-mrad^2 (0.1% BW). Reference       
al., Physical Review Special Topics-Accelerators and Beams 13, 104701 (2010).     
Ghebregziabher, B. Shadwick, D. Umstadter, Arxiv 1204.1068 (2012).       
et al., Nuclear Science Symposium Conference Record (NSS/MIC), 2009 IEEE, 1998 
(2009).  [4] A . D . D ebus et a        
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Name of submitting author  Dr. Manoel Conde 
Institution  Argonne National Laboratory 
Email  conde@anl.gov 
Abstract Title  The Upgraded Argonne Wakefield Accelerator 

Facility (AWA): a Test-Bed for the Development 
of High Gradient Accelerating Structures and 
Wakefield Measurements 

Author/Affiliation listing  M.E. Conde, S. Antipov, D.S. Doran, W. Gai, C. 
Jing, R. Konecny, W. Liu, J.G. Power, E. 
Wisniewski, Z. Yusof 
Argonne National Laboratory 
Euclid Techlabs 
Illinois Institute of Technology 

Abstract  The AWA Facility is undergoing a major upgrade to 
enable it to achieve accelerating gradients of 
hundreds of MV/m and energy gain of 100 MeV per 
structure. High charge bunches will drive wakefields 
in the microwave range of frequencies (8 to 26 GHz), 
generating RF pulses with GW power levels. 

Summary  
Electron beam driven wakefield acceleration is a bona fide path to reach high gradient 
acceleration of electrons and positrons. With the goal of demonstrating the feasibility of 
this concept with realistic parameters, well beyond a proof-of-principle scenario, the 
AWA Facility is currently undergoing a major upgrade that will enable it to achieve 
accelerating gradients of hundreds of MV/m and energy gains on the order of 100 MeV 
per structure. A key aspect of the studies and experiments carried out at the AWA facility 
is the use of relatively short RF pulses (15 – 25 ns), which is believed to mitigate the risk 
of breakdown and structure damage. The upgraded facility will utilize long trains of high 
charge electron bunches to drive wakefields in the microwave range of frequencies (8 to 
26 GHz), generating RF pulses with GW power levels. 
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Name of submitting author  Valery Dolgashev 
Institution  SLAC National Acclerator Laboratory 
Email  dolgash@slac.stanford.edu 
Abstract Title  RF Design of X-band RF Deflector for 

Femstosecond Diagnostics of LCLS Electron 
Beam 

Author/Affiliation listing  V. A. Dolgashev, G. Bowden, J. Wang, SLAC 
National Acclerator Laboratory 

Abstract  We designed an X-band rf deflector for diagnostics 
of 14 GeV LCLS electron beam. Several were made 
at SLAC for use at SLAC and KEK. Here we 
describe the design and distinguishing features of this 
rf deflector. 

Summary 
We designed a successful constant impedance traveling wave rf deflector. We based the 
design on our experience with high gradient X-band accelerating structures. This is a first 
practical deflector built with a waveguide coupler. With length of about one meter the rf 
deflector produces 20 MeV peak transverse kick when powered with 20 MW of 11.424 
GHz rf. Several deflectors of this design were built at SLAC and currently in use. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

mailto:dolgash@slac.stanford.edu


Name of submitting author  Dr. Massimo Ferrario 
Institution  INFN-LNF 
Email  massimo.ferrario@lnf.infn.it 
Abstract Title  High brightness beams and radiation generation 

at SPARC_LAB 
Author/Affiliation listing  INFN-LNF 
Abstract  A new facility named SPARC_LAB has been 

recently launched at the INFN National Labs in 
Frascati, merging the potentialities of the old projects 
SPARC and PLASMONX. The facility is used for 
particle and laser driven plasma acceleration 
experiments and to drive FEL, THz and Thomson 
back-scattering sources.  

Summary  
A new facility named SPARC_LAB (Sources for Plasma Accelerators and Radiation 
Compton with Lasers and Beams) has been recently launched at the INFN National Labs 
in Frascati, merging the potentialities of the old projects SPARC and PLASMONX. Ten 
years ago in fact, a robust R&D program on ultra-brilliant electron beam photoinjector 
and on FEL physics (the SPARC project, a collaboration among INFN, ENEA and CNR) 
was approved by the Italian Ministry of Research and located at the INFN National Labs 
in Frascati. The test facility is now completed, hosting a 150 MeV high brightness 
electron beam injector which feeds a 12 meters long undulator. Observation of FEL 
radiation in the SASE, Seeded and HHG modes has been performed from 500 nm down 
to 40 nm wevelength. A second beam line has been also installed and is now hosting a 
narrow band THz radiation source. In parallel to that, INFN decided to host a 200 TW 
laser that will be linked to the lina c and devoted to explore laser-matter interaction, in 
particular with regard to laser-plasma acceleration of electrons (and protons) in the self 
injection and external injection modes, (the PLASMONX experiments). The facility will 
be also used for particle driven plasma acceleration experiments (the COMB experiment). 
A Thomson scattering experiment coupling the electron bunch to the high-power laser to 
generate coherent monochromatic X-ray radiation is also in the commissioning phase. An 
upgrade of the linac energy is also foreseen by the end of 2012 by installing two new 
high gradient C-band structures developed at LNF in the framework of the ELI_NP 
collaboration.                
facility. 
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Name of submitting author  Dr. Cameron Geddes 
Institution  Lawrence Berkeley National Laboratory 
Email  cgrgeddes@lbl.gov 
Abstract Title  Low-emittance electron bunches from a laser-

plasma accelerator measured using single-shot X-
ray spectroscopy 

Author/Affiliation listing  C. G. R. Geddes1, G. R. Plateau1, D. B. Thorn2, M. 
Chen1, C. Benedetti1, E. Esarey1, A. J. Gonsalves1, N. 
H. Matlis1, K. Nakamura1, C. B. Schroeder1, S. 
Shiraishi1, T. Sokollik1, J. van Tilborg1, Cs. Toth1,  
S. Trotsenko3, T. S. Kim1, M. Battaglia1,  
Th. Stoehlker2, 3, and W. P. Leemans1 
1. Lawrence Berkeley National Laboratory, 94720 
CA, USA 
2. ExtreMe Matter Institute EMMI, D-64291 
Darmstadt, Germany 
3. Helmholtz-Institut Jena, D-07743 Jena, Germany 

Abstract    High-resolution, single-shot X-ray spectroscopy 
measurements of betatron radiation are used to 
estimate the transverse emittance of electron bunches 
produced by a laser-plasma accelerator. Normalized 
transverse emittance was estimated to be as low as 
0.1 mm mrad, consistent with simulations of self- 
trapping. 

Summary   
Single-shot spectroscopic measurements of betatron X-rays are reported, and used to 
infer the transverse bunch size of both broadband sub-100 MeV and low-energy-spread 
0.5 GeV electron beams produced by a laser-plasma accelerator. The measurements use a 
semiconductor detector array, and spectra are obtained via single pixel absorption and 
cluster techniques. By matching the X-ray betatron spectra to analytical and numerical 
models of betatron radiation, the electron bunch radius inside the plasma is estimated to 
be ~0.1 micron. Combined with simultaneous electron spectrum and divergence 
measurements, the normalized transverse emittance is estimated to be as low as 0.1 mm 
mrad, consistent with three-dimensional particle-in-cell simulations. This emittance is 
lower than previously measured, important to applications of high gradient laser-plasma 
accelerators including Thomson gamma sources and eventual high-energy colliders. 
 
This work was supported by the U.S. Dept. of Energy under Office of Science, Office of 
High Energy Physics Contract no. DE-AC02-05CH11231, by DOE NNSA NA-22, and 
NSF Grants PHY-0917687 and 0614001, and used computation at NERSC.  
 
The authors thank the LOASIS team at LBNL, as well as the VORPAL team at Tech-X 
and the Helmholtz Alliance HA216/EMMI. 
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Name of submitting author Julia Grebenyuk 
Institution DESY 
Email address jgreb@mail.desy.de 
Abstract Title Simulations of laser-wakefield acceleration with 

external electron bunch injection for REGAE 
experiments at DESY 

Author/Affiliation listing Julia Grebenyuk 1, Timon Mehrling 2, Eckhard Elsen 1, 
Klaus Floettman 1, and Jens Osterhoff 2   
1.DESY, Hamburg, Germany     
2.University of Hamburg, Germany 

Abstract  REGAE facility at DESY offers the unique possibility to 
study the external injection of pre-accelerated electron 
bunches from a conventional accelerator and their 
subsequent acceleration in plasma wakefields. Topics of 
particular interest are: emittance growth minimization, 
controlled betatron radiation emission, longitudinal 
bunch compression. 

Summary  
Short and highly intense laser pulses focused into a gas target, ionise the gas and may 
excite large amplitude, co-propagating plasma waves that support extreme electric fields 
(>10 GV/m) for acceleration of charged particles. These fields are orders of magnitude 
larger than in conventional radio-frequency accelerators. The REGAE facility at DESY 
offers the unique possibility to study the external injection of pre-accelerated electron 
bunches from a stable and fully controlled conventional accelerator, and their subsequent 
acceleration in plasma wakefields. REGAE (Relativistic Electron Gun for Atomic 
Exploration) provides 2-5 MeV velocity-bunched electron bunches of ~10 femtosecond 
length.    A set of 2- and 3-dimensional numerical simulations was performed with the 
particle-in-cell code OSIRIS [1], showing a wide variety of effects which can be explored 
in the future at REGAE. External controlled injection allows to study effects which 
require precise information about the beam quality, position and momentum at the initial 
point of injection. One of the crucial topics for laser-plasma wakefield acceleration is the 
bunch emittance growth during the acceleration process. Controlled external injection is 
the most direct way to study the emittance evolution experimentally, and simulations 
were performed to investigate methods to reduce the growth. Injection with a transverse 
offset from the laser axis will cause the bunch to undergo betatron oscillations. External 
injection allows to manipulate the phase of injection, i.e. the parameters of the betatron 
oscillations such that the radiated betatron light is induced, which is currently 
investigated by means of simulations. Finally, injecting bunches at a defined phase of the 
wake will allow for the exploration of the longitudinal bunch compression in a wakefield 
during the acceleration process due to gradient of the electric field.        
[1] Fonseca et al., LNCS 2331, 342 (2002) 
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Abstract  We present recent results from laser wakefield 
acceleration and Thomson backscattering 
experiments at HZDR, Germany. In LWFA 
experiment quasimonoenergetic electron bunches 
were produced with a central peak energy of 144 
MeV in 400micron Helium gas jet. A laser Thomson 
backscattering source produced Xrays ranging from 
5.5 KeV to 23.5 KeV. 

Summary  
We present recent results from laser wakefield acceleration and Thomson backscattering 
experiments at Helmholtz Zentrum Dresden Rossendorf. In laser wakefield acceleration 
experiments the laser and plasma parameters were chosen such that they match the 
condition for bubble generation and injection of electrons into the bubble structure and, 
thus, minimizing the required laser pulse evolution. We measured quasi-monoenergetic 
electron bunches with the central peak energy of 144 MeV after 400 µm acceleration 
distance in plasmas with a density of 2.2x10^(19) cm^(-3). We note that the 
monoenergetic feature was only observed at the optimum density. Varying the density by 
5% is enough to broaden electron energy spectrum. Another important observation in this 
regime is that the generated electron beams showed a poor shot-to-shot reproducibility. 
This suggests that this approach is not really suitable if one aims on stable electron beam 
generati on. Ultrafast hard Xray pulses were produced via Thomson backscattering 
mechanism by colliding electron beams from the ELBE linear accelerator with laser 
beams delivered by the DRACO laser system. By tuning the electron beam energy the 
generated Xrays can be adjusted from 5.5 keV to 23.5 keV. The X-ray spectrum has a 
typical bandwidth of 1 keV (FWHM) collected within 5 mrad solid angle. In this initial 
experiment the total number of X-ray photons was estimated to be on the order of 10^(2) 
photons per shot within the observation solid angle. For applications, e.g., pump-probe 
experiments analyzing laser induced melting and recrystallization or temporal X-ray 
probing of warm dense matter, we aim to produce 10^(5) to 10^(6) photons per shot by 
optimizing the interaction cross section and using higher electron charge from the SRF 
photoinjector. 
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Abstract  At HZDR we established the Laser-Thomson-
Backscattering source PHOENIX by colliding ps 
electron bunches from the ELBE linear accelerator 
with high-intensity laser pulses from the DRACO 
Ti:Sapphire fs laser system. 

Summary  
Intense ultra-short hard X-ray pulses can serve as a novel tool for structural analysis of 
complex systems with unprecedented temporal and spatial resolution. With the 
simultaneous availability of a high power short-pulse laser system it provides unique 
opportunities for a number of subsequent research steps at the forefront of relativistic 
light-matter interactions. At HZDR we demonstrated the generation of such a light source 
(PHOENIX) by colliding picosecond electron bunches from the ELBE linear accelerator 
with counter-propagating femtosecond laser pulses from the 150 TW Draco Ti:Sapphire 
laser system. The generated narrowband X-rays are highly collimated and can be reliably 
adjusted from 5.5 to 23.5 keV by tuning the electron energy (24 MeV to 30 MeV) and the 
laser intensity. Ensuring the spatial-temporal overlap at the interaction point and 
suppressing the Bremsstrahlung background we have achieved a signal to noise ratio of 
greater than 300. Together with the use of an X-ray camera to record the spectrum 
(resolution of 250 eV FWHM) we were able to resolve the angular-energy correlation 
and to study the influence of the beam emittance on the observed bandwidth. Besides the 
use of the thermionic gun we also collided electron bunches generated from an SRF 
photo-injector. Here we detected a few orders of magnitude higher Bremsstrahlung 
background from the machine dark current. By carefully subtracting the background we 
extracted the X-ray spectrum whose peak overlaps with the one from the thermionic as 
expected for the same electron energy. 
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Abstract  An analysis of the radiation emitted by electrons undergoing 
betatron oscillations during laser-wakefield acceleration has 
allowed us to determine the radiation source size and electron 
bunch diameter. Furthermore, experiments using different 
target gases show a strong influence on divergence, pointing 
stability, and bunch charge of the monoenergetic electrons. 

Summary  
Experimental results concerning the emission of x-ray radiation emitted by electrons undergoing 
betatron oscillations during the process of laser-driven wakefield acceleration are presented. The 
experiments have been carried out at the 40-TW laser system JETI at the Institute of Optics and 
Quantum Electronics at the University of Jena, Germany. From a careful analysis of the energy 
spectrum and the spatial distribution of the electromagnetic radiation emitted in the range of 
several keV, the size of the radiation source in the plasma could be deduced to be (1.8    
Assuming a radiation pulse duration of at most the laser pulse duration, the peak brightness of the 
radiation source was 5             
Furthermore, the transverse diameter of the oscillating electron bunch could be determined to be 
as small as (1.6  0.3) µm. These results are   -dimensional pa rticle-in-cell 
simulations (PIC simulations) confirming our experimental findings [1].      
experimental results on laser-wakefield acceleration of electrons are shown. Here, the influence 
of different target gases (H2, D2, He) having different ionization potentials and charge-to-mass 
ratios has been investigated. A strong influence on the distribution and temperature of the 
preplasma formed by the leading edge of the laser pulse has been detected. As a consequence, this 
led to a significant improvement of the pointing stability, the total charge, and the relative energy 
spread of the generated quasi-monoenergetic electron pulses. The results can be explained to be a 
consequence of the preplasma temperature having different values for the various target gases. 
This temperature influences the injection of electrons into the plasma wave due to wave breaking. 
The experimental results have been compared to multi-dimensional PIC simulations confirming 
this hypothesis.  [1] M . Schnell et al., D educing the -Beam Diameter in a Laser-Plasma 
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Abstract  The techniques we proposed can reduce the energy 
chirp of an electron beam to make it suitable to drive 
the next generation of X-Ray FELs. Energy chirp 
compensation has been demonstrated at BNL/ATF: 
the correlated energy spread of a 60 MeV beam was 
reduced to the spectrometer resolution limit. 

Summary  
Short electron beam pulses (subpicosecond) are central to many of the next generation 
light source initiatives, like X-Ray Free Electron Lasers. These FELs are based on linear 
accelerators, which produce at the output of the last compressor an electron beam with a 
residual chirp to compensate for wakefield effects through the rest of the accelerating 
stage. It is required that this small but significant energy spread be compensated using a 
specially designed device. We propose to use a dielectric layered waveguide with an 
adjustable aperture (~2 mm) to be installed, for example, at the output of the last 
compressor, or at the end of the linac. This short device (~20cm) would allow the 
compensation of the remaining energy spread (~5 MeV chirp) after longitudinal bunch 
compression, using its self-wakefield-- Cherenkov radiation generated by the bunch 
passing through the dielectric loaded waveguide.          
results from the experiment at the ATF (BNL) [1] in which we observed the effect 
discussed. We report on recently demonstrated energy chirp compensation by means of a 
quartz-loaded 0.95 THz cylindrical waveguide: the 200 keV correlated energy spread of a 
60 MeV beam at the BNL Accelerator Test Facility (ATF) was reduced by a factor of 
three to the spectrometer resolution limit. The energy modulation of a long chirped bunch 
was demonstrated [1]. We have also developed tools to simulate how the beam energy is 
affected by its self-wake. Our plans are to build and test an optimized (tunable) energy 
chirp compensating structure using the ATF (BNL) and the FACET (SLAC) beams.  
 
Ref: [1] S. Antipov, et al., Phys. Rev. Lett., 108, 144801 (2012). 
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Abstract  The interaction of an intense laser pulse with a nanometer-thin foil 
can generate dense, relativistic electron bunches capable of forming 
a mirror structure that scatters off counterpropagating light 
coherently and shift its frequency to higher photon energies. We 
report on the experimental demonstration of such relativistic 
electron mirrors from nm-foils. 

Summary  

Reflecting light from a mirror, which propagates with relativistic velocities promises the creation 
of a bright X-ray pulse, with outstanding characteristics. While theoretically highly rewarding, 
the generation of a relativistic structure, which acts as a mirror, is challenging in many different 
aspects. Recently, the interaction of a laser pulse with a nanometer thin foil has raised great 
interest due to its capacity to produce dense, attosecond short electron layers, well-suited for the 
coherent backscattering of a secondary laser. In this talk, we present experimental studies on the 
reflection off a relativistic electron mirror generated from the interaction of an intense laser pulse 
with a few nm thin foil, using the dual beam Astra-Gemini laser facility. We observe a frequency 
shift in the backscattered signal from the visible to the extreme ultraviolet when irradiating the 
interaction region with a counter-propagating probe laser synchronously. In addition to the 
experimental observations, we present a detailed numerical study on the two-beam interaction, 
explaining the mirror formation and the reflection process in detail. The simulations reveal that 
the created electron mirrors freely propagate with relativistic velocities while reflecting off the 
secondary laser, thereby truly acting as a flying mirror.         

insight into the mirror dynamics and constitutes a major step towards the coherent Thomson 
scattering off a flying mirror of solid density, which could potentially generate a bright burst of 
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Abstract  We review intense, broadband electromagnetic (EM) 

wave generation at terahertz (THz) and infrared (IR) 
frequencies in two-color, femtosecond laser 
ionization of gases. In particular, we report quasi-
phase-matched THz generation in long plasma 
filaments and enhanced THz emission from 2-
dimensional plasma sheets. 

Summary  
Intense terahertz (THz) radiation can be produced when an ultrashort pulsed laser’s 
fundamental and second harmonic fields are mixed to ionize a gas [1-4]. Depending on 
the relative phase between two-color pulses, symmetry can be broken to produce a sub-
picosecond electron current, producing THz radiation at the far-field (see Fig. 1). This 
plasma current model, first proposed by Kim et al. [2], is now widely adopted in the 
community.  A side from  the gene     is quite attractive in 
producing intense THz radiation, and much of the current research in our lab is focused in 
that direction. Recently, we showed that such coherent radiation is extremely broad and 
may cover the entire infrared (IR) bandwidth (4 ~ 3000 um) [3]. In particular, in the case 
of near-atmospheric air, the radiation extends up to ~75 THz (corresponding to ~4 um) 
[3].  In addition, w e recently observed quas-phase-matched THz generation in long 
plasma filaments. Our experiment and simulation show that the far-field terahertz 
radiation profiles and yields are greatly sensitive to the filament length. For plasma 
longer than the characteristic dephasing length, it emits conical terahertz radiation in the 
forward direction, peaked at 4~7 degrees depending on the radiation frequencies. The 
total terahertz yield continuously increases with the filament length, even beyond the 
dephasing length. This trend occurs regardless of the relative phase between two-color 
pulses in the filament. The quasi-phase-matching condition observed here provides a 
simple method for scalable terahertz generation in elongated plasmas. 
REFERENCES   
1. D. J. Cook and R. M. Hochstrasser, “Intense terahertz pulses by four wave rectification 
in air,” Opt. Lett. 25, 1210 (2000). 
2. K. Y. Kim, J. H. Glownia, A. J. Taylor, and G. Rodriguez, “Terahertz emission from 
ultrafast ionizing air in symmetry-broken laser fields,” Opt. Express 15, 4577 (2007). 
3. K. Y. Kim, A. J. Taylor, J. H. Glownia, and G. Rodriguez, “Coherent control of 
terahertz supercontinuum generation in ultrafast laser-gas interactions,” Nature Photon. 2, 
605 (2008). 
4. K. Y. Kim, “Quasi-Phase-Matched terahertz emission from two-color laser-induced 
plasma filaments,” (submitted). 
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Abstract  The concept of a photocathode injection 
gun driven by several harmonically 
related phase-locked RF sources is 
considered. 

Summary  
The concept of a photocathode injection gun is aimed to provide electron bunches with 
parameters: ≥1 nC, 5-10 MeV, 20-40 ps, prf = 1.3 GHz. In comparison with a 
conventional single mode 1.5 cell injection gun, multi-harmonic excitation can allow 
operation with lower RF power input, lower Ohmic losses, and lower longitudinal beam 
emittance (for a given cathode field). Simulations that invoke standard transverse 
emittance compensating techniques show that total input power in a three-mode cavity 
(0.65 GHz, 1.3 GHz, 2.6 GHz) can be nearly half the power needed to feed a single 
mode with the same cathode field, and that the longitudinal beam emittance can also be 
lower by a significant factor. A proper choice of amplitudes and phases for a bimodal 
gun (1.3 GHz, 2.6 GHz) allows reduction of the longitudinal emittance by factor more 
than ten. A further appealing property of the multi-frequency concept is the pos-sibility 
of raising the breakdown threshold in the gun cavities due to a reduction of surface 
exposure time to high fields, and due to the so-called anode-cathode effect [1]. These 
properties could possibly help one to reach desired beam ener-gies even in a half-cell 
cavity gun. 
[1] S.V. Kuzikov, S.Yu. Kazakov, Y. Jiang, and J. L. Hirshfield, Asymmetric Bimodal 
Accelerator Cavity for Raising rf Breakdown Thresholds, Phys. Rev. Lett. 104, 214801 
(2010). 
*Supported in part by US DoE. 
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Abstract  High brightness electron beams with initial transverse 
density modulation on nm scale can be generated 
from a nano-structured (1D nano-grooves or 2D 
nano-hole arrays) photocathode through surface 
plasmon assisted multiphoton emission. We study the 
properties of this new type of beams in this paper. 

Summary  
Nano-structured (1D nano-grooves or 2D nano-hole arrays) metal surface can effectively 
trap an incident laser pulse of certain wavelength by the excitation of surface plasmon 
resonance, and the optical field intensity are confined in the vicinity of the nano-scale 
features. In the case of an n-th order multiphoton emission process, for which the current 
density increases as the n-th power of the laser intensity, the photoelectrons will be 
predominately emitting from each localized site. Thanks to the nonlinear scaling between 
the photoelectron current density and laser intensity, the charge yield from a nano-
structured surface can be considerably larger than a flat surface for the same absorbed 
laser intensity. Thus surface plasmon assisted multiphoton emission from a metal surface 
is a promising candidate for a high repetition rate, highly efficient, robust and prompt 
photocathode for femtosecond relativistic electron diffraction and advanced light source 
applications [1, 2]. The effects of the surface plasmon in the photoemission process are 
yet to be fully characterized. Another novel property of this cathode is that the electron 
beams are generated with an initial transverse density modulation on nm scale. The beam 
dynamics becomes interesting due to the quasi-crystalline nature of the beam. The 
evolution of the phase space is determined by the collective effects of the beamlets, the 
initial emittance of each beamlet, as well as the external acceleration and focusing. We 
will study the various properties of this new type of beams from a nano-structured 
photocathode in this paper. 
[1] H. A. Padmore, presented at the 2010 Photocathode Physics for Photoinjectors 
Workshop, Upton, NY, USA (2010). 
[2] P. Musumeci, presented at the 2012 Future Light Source Workshop, Newport News, 
VA, USA (2012). 
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Abstract  We propose frequency domain tomography (FDT) for 
single-shot imaging of evolving plasma wakefield 
accelerators, either laser- or beam-driven. In this 
technique, a probe array with probing angles 
optimized with milli-radian accuracy is compactly 
generated; phase shifts within it yield a movie of 
evolving wakefields. 

Summary  
Intense laser- or beam-driven plasma wakefields evolve significantly during propagation 
and particle acceleration [1]. Single-shot visualization of such evolution is important for 
diagnosing wakefield dynamics, and for optimizing accelerator performance. 
Conventional visualization techniques can either take single-shot snapshots of quasi-
static wakes [2] or track wakefield evolution by scanning pump-probe delay in multi-
shots [3]. Recently, we achieved both “single-shot” and “evolution” goals simultaneously 
by demonstrating frequency-domain tomography (FDT), in which a movie is 
reconstructed tomographically from phase shifts that an evolving object imprints on 
multiple probe pulses that cross its path simultaneously at different angles. In a separate 
student poster, I present single-shot movies from this prototype FDT system that show 
the evolving spatio-temporal profile of a laser pulse propagating nonlinearly through 
glass.                 
plasma-based accelerators of current interest to the advanced accelerator community. 
There are two major differences. First, the group velocity difference between driver and 
probes is smaller than in glass. For example, for terawatt-laser-driven wakefield 
accelerators in plasma of density 10^19 cm^-3, or for beam-driven wakes in 10^16-17 
cm^-3 plasma such as the FACET facility at SLAC, object-probe velocity difference is 
10^-3c (vs. 10^-2 c in glass). Consequently, FDT probes must cross the driver path at 
milli-radian angles (vs. ~10-2 in glass), and be controlled with milli-radian accuracy. I 
will describe results for a compact scheme that generates such a probe array by loosely 
focusing two 800 nm beams into a nonlinear Kerr medium, yielding multiple beams via 
cascaded four-wave mixing with milli-radian angle control. Secondly, in 10^19 cm^-3 
plasma, wave periods around 20fs must be resolved, requiring ~50 nm probe bandwidth. I 
will describe results for broadening probe bandwidth via super-continuum generation [4] 
to 50nm at central wavelength 670nm. In 10^16-17 cm^-3 plasmas, probe bandwidth 
broadening is unnecessary. 
[1] S. Kalmykov et al., Phys. Rev. Lett. 103, 135004 (2009). 
[2] N. H. Matlis et al., Nature Physics 2, 749 (2006). 
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Abstract  Betatron radiation from a beam-driven plasma wake 
is an intense source of high-energy gamma rays that 
can be used as a beam matching diagnostic. Results 
are presented from gamma ray detectors in the 
FACET beamline at SLAC that observed betatron 
radiation from the E200 PWFA experiment’s plasma 
source. 

Summary  
Photons produced by the betatron oscillation of electrons in a beam-driven plasma wake 
provide a uniquely intense and high-energy source of hard X-rays and gamma rays. This 
betatron radiation is interesting not only for its high intensity and spectral characteristics, 
but also because it can be used as a diagnostic for beam matching into the plasma, which 
is critical for maximizing the energy extraction efficiency of a plasma accelerator stage. 
At SLAC, gamma ray detection devices have been installed at the dump area of the 
FACET beamline where the betatron radiation from the plasma source used in the E200 
plasma wakefield acceleration experiment may be observed. The ultra-dense, high-energy 
beam at FACET (2x10^10 electrons, 20x20 µm^2 spot, 20-100 µm length, 20 GeV 
energy) when sent into a plasma source with a nominal density of ~1x10^17 cm^-3 will 
generate synchrotron-like spectra with critical energies well into the tens of MeV. The 
intensity of the radiation can be increased by introducing a radial offset to the centroid of 
the witness bunch, which may be achieved at FACET through the use of a transverse 
deflecting RF cavity. The E200 gamma ray detector has two main components: a 30x35 
cm^2 phosphorescent screen for observing the transverse extent of the radiation, and a 
sampling electromagnetic calorimeter outfitted with photodiodes for measuring the on-
axis spectrum. To estimate the spectrum, the observed intensity patterns across the 
calorimeter are fit with a Gaussian-convoluted synchrotron spectrum and compared to 
simulations. Results and observations from the first FACET user run (April-June 2012) 
are presented. 
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Abstract  We have developed an ultracold pulsed electron 
source, based on near-threshold photo-ionization of a 
laser-cooled gas. The source is characterized by 
effective electron temperatures three orders of 
magnitude lower than conventional photoemission 
sources, implying three orders of magnitude higher 
brightness at a given current density. 

Summary  
Beam brightness is fundamentally limited by the ratio of source current density and 
effective source temperature. The usual approach to improve brightness is to increase the 
current density, which requires ever higher acceleration fields to overcome the image 
charge forces at the source. This approach has proven to be extremely successful but is 
now reaching its limits in X-band RF photoguns operating at a few 100 MV/m. Further 
increase in brightness will therefore require new concepts, aiming at reduced source 
temperatures instead of higher current densities.         
electron source, based on near-threshold photo-ionization of a laser-cooled gas. This 
source is characterized by effective electron temperatures in the 10 Kelvin range, three 
orders of magnitude lower than conventional sources. The temperature, and thus the 
emittance, can be tuned by varying the ionization laser wavelength. Recently we found 
that both the quantum efficiency and the temperature of the source are strongly dependent 
on the polarization of the ionization laser beam. Surprisingly, even with femtosecond 
ionization laser pulses with a bandwidth corresponding to a few 100 Kelvin, source 
temperatures in the 10 Kelvin range are obtained. Detailed modelling of the electron 
trajectories during the photo-ionization process has allowed us to explain the special 
properties of this novel source.              
low-bunch-charge regime, where space charge effects are negligible. The next challenge 
is to increase the current density to the level required for driving an X-FEL or for single-
shot ultrafast electron diffraction. This will require the development of new schemes for 
addressing space charge problems, which will take an entirely new form compared to 
photocathode sources. 
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Abstract  We report on recent experiments demonstrating a 
few-eV bandwidth stabilization of a laser-plasma 
driven source of spontaneous undulator radiation, 
with photon energies ranging from 100 eV up to the 
water-window. 

Summary  

Laser-plasma accelerators are prominent candidates for driving next-generation x-ray 
sources. Particularly in combination with short-period undulators, they could be a 
compact and versatile photon source, ideally suited for pump-probe experiments due to 
the perfect synchronization of the x-ray pulses with the driver laser. We report on recent 
experiments demonstrating a few-eV bandwidth stabilization of a laser-plasma driven 
source of spontaneous undulator radiation, with photon energies ranging from 100 eV up 
to the water-window. 
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Abstract    A well-collimated X-ray beam with a divergence 
angle of approximately 5 mrad is generated via laser 
Compton scattering using a quasi-monoenergetic 
electron beam driven by laser-plasma acceleration. 
The number of X-ray photons with an energy of 
around 65 keV is estimated to be 2x10^7 per pulse. 

Summary    
In laser-plasma acceleration (LPA), a femtosecond electron pulse can be generated, 
because the wavelength of the accelerating field is the order of 10 µm. A compact 
electron accelerator will be realized using the extremely high accelerating field of more 
than 100 GV/m. The unique characteristics of LPA enable us to produce compact all-
optical ultrashort X-ray sources. X-ray generation using an electron beam driven by LPA 
has been conducted [1-3]. One type of such X-ray sources is a laser Compton scattering 
(LCS) X-ray source, which is produced by scattering a femtosecond laser pulse off a 
high-energy electron beam. In this paper, we report the first demonstration of X-ray 
generation via LCS using a quasi-monoenergetic electron beam driven by LPA.  X-rays 
were generated by scattering a femtosecond laser pulse (800 nm, 140 mJ, 100 fs) off a 
quasi-monoenergetic electron beam containing 70 pC electrons in the monoenergetic 
peak with an energy of 60 MeV produced by focusing an intense laser pulse (800 nm, 
700 mJ, 40 fs) on a helium gas jet. A well-collimated X-ray beam was produced, and the 
divergence angles were 4.2 and 6.2 mrad in the vertical and horizontal directions, 
respectively. The number of X-ray photons was estimated to be 2x10^7 per pulse. The 
characteristics of X-rays were investigated using a Monte-Carlo simulation code. The 
spectrum of X-rays emitted within the scattered angle of 5 mrad had a quasi-
monochromatic structure with a peak at 65 keV. The number of X-ray photons was 
2.4x10^7, which was in a good agreement with the experimental result.     
delay between the two laser pulses for X-ray generation was approximately 100 fs, and 
was nearly equal to the duration of the laser pulse scattered by the electron pulse. This 
suggests that both the electron and the X-ray pulse durations are shorter than 100 fs.    
[1] A. Rousse et al., Phys. Rev. Lett. 93, 135005 (2004). 
[2] H. Schwoerer et al., Phys. Rev. Lett. 96, 014802 (2006). 
[3] H. P. Schlenvoigt et al., Nature Phys. 4, 130 (2008). 

mailto:e-miura@aist.go.jp


Name of submitting author  Dr. Eric Montgomery 
Institution  University of Maryland, College Park 
Email  ejm1@umd.edu 
Abstract Title  Enhanced Lifetime Hybrid-Diffuser Cesium Reservoir 

Photocathode 
Author/Affiliation listing  Eric J. Montgomery (UMD) 

Zhigang Pan (UMD) 
Blake C. Riddick (UMD) 
Patrick G. O'Shea (UMD) 
Donald W. Feldman (UMD) 
Kevin L. Jensen (NRL) 
R. Lawrence Ives (Calabazas Creek Research) 
Louis R. Falce (Calabazas Creek Research) 

Abstract  A novel hybrid-diffuser cesium reservoir photocathode is 
demonstrated. The model-driven design optimizes 
operating temperature, matching diffusion and evaporation 
rates and maximizing quantum efficiency: 0.11% at 375 
nm. A sintered-wire tungsten emitter promotes surface 
uniformity. Contamination robustness and cesium loss rate 
is addressed, and conservatively estimated reservoir 
lifetime exceeds 30,000 hours. 

Summary  
Advanced electron sources increasingly demand long lifetime and high quantum efficiency 
photocathodes. The University of Maryland (UMD) and Calabazas Creek Research (CCR) 
designed and operated a controlled porosity reservoir (CPR) photocathode using new diffusers 
and detailed models. The first heating of the cathode reacts cesium chromate with titanium, filling 
the reservoir with free cesium at 665ºC and beginning cesium migration through the tungsten 
sintered-powder diffuser. After several hours, cesium reaches the mixing region and diffuses 
through the second, sintered-wire diffuser, also tungsten. Enhanced photoemission begins when 
cesium reaches the cathode surface, and temperature can be reduced to the desired operating 
point, generally between room temperature and 150ºC. Controlled porosity (and enhanced surface 
uniformity) in the second diffuser comes from CCR's exclusive sintered-wire design with 
approximately 2 micron p ore radius with hexagonal symmetry. Dimensions of the hybrid-emitter 
layers (sintered-powder, mixing region, and sintered-wire) were chosen based on material 
constraints and computer modeling. Features of the reservoir cathode model include cesium 
evaporation via a potential well treatment with calculated energy states, surface diffusion via a 
hopping model, and pore diffusion via a modified Knudsen flow analysis. Nonlinearities force a 
non-analytic calculation. A triangular grid mirrors the cathode geometry and improves accuracy 
of the finite-differencing algorithm via six adjacent sites (rather than four for Cartesian grids). 
Measured results exceeded expectations. Peak QE is thermally tunable with evaporation and 
diffusion rates balanced to create equilibrium sub-monolayer surface coverage. Optimal coverage 
results in optimal QE (0.11% for Cs:W at 375 nm) at or below approximately 125ºC. Cesium loss 
due to evaporation is measured at less than 0.02 ug/cm2/hr at 125&or dm;C. Not only is operation 
significantly cleaner than barium reservoir thermionic cathodes of comparable design (which 
operate much hotter near 1050ºC and exhibit barium loss of order 10 ug/cm2/hr), but this also 
indicates conservatively estimated reservoir lifetimes exceeding 30,000 hours. The designed 
lifetime can be increased by adding to the reservoir capacity. Compared to LaB6 and similar 
quantum efficiency photocathodes, this lifetime dramatically exceeds best-in-class. 
Contamination, robustness and application to enhanced-life high QE photocathodes will be 
discussed. 
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Abstract  A laser locked THz source to manipulate the 
longitudinal phase space of an ultrashort 
electron beam using an IFEL interaction is 
investigated. Emphasis is placed upon increasing the 
efficiency of the pulse front tilt optical rectification 
source by cryogenic cooling to achieve sufficient 
THz 
power for compression and synchronization. 

Summary  
With ultrashort photoinjector electron beam bunch lengths being subpicosecond, THz 
radiation is             
however, a THz source locked to  the photoinjector laser with sufficient power to 
significantly compress the electron beam has existed.          
optical rectification in lithium niobate(1,2), conversion efficiencies of  10^‐ 3 of 800 
ultrashort pulses to single cycle THz pulses are easily achievable. By splitting the laser 
used                 
compressed and              
on the scale of hundreds of  fem toseconds(3). 
 
1. J. A. Fülöp, L. Pálfalvi, G. Almási, and J. Hebling, "Design of high‐ energy terahertz 
sources based  on optical rectification," O    ‐ 12327 (2010) 
2. L. Pálfalvi et al., J. Appl. Phys. 97, 123505 (2005)  3. J.T. M oody   “Compression 
and Synchronization of an Ultra‐ short Electron Beam Using a THz    
Interaction”, proceedings of Particle Accelerator Conference 2011. 
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Abstract  This paper presents an overview of the current R&D 

program and product development at RadiaBeam 
towards improving diagnostic capabilities for high 
peak brightness electron beams. Specific emphasis is 
on the present challenges and methods to improve 
resolution, speed and accuracy of measurements in 
the transverse and longitudinal planes. 

Summary  
Emergence of advanced acceleration applications and 4th Generation light sources places 
unprecedented demand on the precision and utility of electron beam diagnostics. 
RadiaBeam Technologies develops and markets high resolution transverse and 
longitudinal beam profile diagnostics for electron beam laboratories in the US, Asia and 
Europe. The limitations of the existing diagnostics are discussed and overview is 
presented of the current R&D efforts and product development to further enhance 
diagnostic capabilities, including recent experimental results with a single shot THz 
bunch length monitor, and innovative beam imaging techniques. 
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Abstract  We propose compact, tunable x-ray generation by 

Compton backscatter from laser-wakefield 
accelerators. The globally-optimized terawatt-laser-
driven wakefield accelerator can routinely generate 
100-MeV, monoenergetic electrons with high quality, 
suitable for producing ~200-keV x-ray pulse by 
Compton scatter. Controlled-injection will also be 
incorporated in our setup, enhancing tunability and 
stability of this source. 

Summary  
Production of bright, coherent, femtosecond hard x-ray pulses by Compton backscatter 
from compact TW-laser-driven wakefield accelerator (LWFA) beams can open a range of 
ultrafast x-ray science to university laboratories [1], but because of low conversion 
efficiency requires careful optimization of charge, energy, energy spread, collimation and 
repeatability of the electron beam [2]. In a separate student poster, we report global 
optimization of tabletop LWFA performance by systematically varying duration and 
focus of the drive laser pulse, and density, profile and thickness of the gas jet in detail. 
Quasi-monoenergetic ~100 MeV electron beam can be routinely generated with high-
quality: <10% energy spread, 100 pC charge, <4 mrad divergence and <10 mrad pointing 
fluctuation with ~100% reproducibility.            
incorporate a probe pulse to implement Compton backscatter based on our laser and 
electron parameters. Experimental design and calculations of x-ray conversion efficiency 
will be presented in detail. Calculations based on Ref. [2] show that > 10^6 hard (200 
keV) x-ray photons/pulse can be generated from the optimized LWFA beam. In the past, 
colliding-pulse injection technique has been demonstrated to able to tune the electron 
beam energy and enhance its stability [3]. Further, I will propose in detail how to 
implement controlled injection technique in our experiment setup by adding one colliding 
pulse to tune the output electron beam energy and enhance its repeatability as well, 
thereby enhance the tunability and stability of this compact x-ray source. 
 
[1] Hartemann et al., Phys. Rev. ST-AB 10, 011301 (2007).   
[2] Esarey et al., Phys. Rev. E 48 3003 (1993).  [3         
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Abstract Tailoring an electron bunch with specific current 
profile can provide substantial enhancement of the 
transformer ratio in beam-driven acceleration method. 
We present a method relying on a linac with 
accelerating sections operating at different 
frequencies and magnetic bunch compressors. 
Experimental demonstration of the technique in a 
two-frequency linac is presented. 

Summary  
It has long been recognized that linacs operating at multiple frequencies could be used to 
correct for longitudinal phase space distortions and improve the final peak current. In this 
contribution we present a bunch tailoring technique that uses a linac with sections 
operating at different frequencies to impress nonlinear distortions in the longitudinal 
phase space. The distortions are controlled to tailor the bunch current profile. We show 
analytically how a two frequency linac could be operated to control over the current 
profile. We present experimental data obtained at the FLASH facility in DESY-Hamburg 
supporting the proposed method [i]. Finally we detail our future plan including the 
generation of a drive and a witness bunches for investigation of dielectric-wakefield 
acceleration with enhanced transformer ratio at the FLASH facility. 
 
[i] P. Piot, et al., Phys. Rev. Lett. 108, 034801 (2012).  
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Abstract  We present measurements of electron bunch trains 
produced from an RF photocathode gun illuminated 
by a laser pulse train. Spacing is controlled by laser 
pulse train spacing (via UV birefringent crystals) and 
a variable R56 dogleg. The electron bunch train is 
characterized with a newly commissioned RF 
defecting cavity. 

Summary  
We present measurements of electron bunch trains of variable spacing produced from an 
RF photoinjector illuminated by a laser pulse train. The laser pulse train is produced by 
splitting a single laser pulse into a laser pulse train using UV birefringent crystals [1]. 
The spacing of the laser pulses, controlled by choice of the crystals, determines the 
longitudinal separation and energy of the electron bunches at the exit of the gun. 
Exploiting the energy difference along the train, the electron bunches are injected into a 
dogleg with variable R56. The R56 of the dogleg can be used to further control the 
longitudinal spacing of the electron bunch train. Upon exiting the dogleg the electron 
bunch train is characterized with a newly commissioned 1300 MHz RF defecting cavity. 
Such train of bunch could have application to, e.g., the resonant excitation of wakefield in 
dielectric-lined waveguides. 
 
 
 
 
 
 
 
 
 
 
 
  

mailto:jp@anl.gov


 
Name of submitting author  Nathan Powers 
Institution  University of Nebraska-Lincoln 
Email  nathandpowers@gmail.com 
Abstract Title  Characterization of laser wakefield accelerated 

electron beams by inverse-Compton cross-
correlation 

Author/Affiliation listing  N. D. Powers1, S. Chen1, C. M. Maharjan1, I. 
Ghebregziabher1, C. Liu1, G. Golovin1, S. Banerjee1, 
J. Zhang1, N. Cunningham1†, A. Moorti1+, S. Clarke2, 
S. Pozzi2, and D. P. Umstadter1  
 
1. Department of Physics and Astronomy, University 
of Nebraska, Lincoln.  
2. Department of Nuclear Engineering & 
Radiological Sciences, University of Michigan, Ann 
Arbor.  
† Current address: Physics Department, Nebraska 
Wesleyan University, Lincoln, NE 68504 (USA).  
+ Current address: Raja Ramanna Centre for 
Advanced Technology, Indore 452013, India. 

Abstract    We characterize the emittance and source size of a 
laser wakefield accelerated e-beam by means of a 
cross-correlation technique, in which a laser pulse is 
inverse-Compton scattered from the electron bunch 
near the exit of the accelerator. 

Summary    
Characterization of laser wakefield accelerated (LWFA) electron beams is important for 
understanding the acceleration process, and for applications. Several groups have 
demonstrated inverse-Compton scattering (ICS) as a technique to determine the focused 
e-beam characteristics from conventional accelerators [1-5]. ICS is useful in non-
destructively determining the e-beam charge, spectrum, duration, source size and 
normalized emittance. We measured the LWFA e-beam normalized emittance by means 
of ICS. The energy dependent divergence of the e-beam was measured experimentally by 
imaging the e-beam profile. The e-beam source size was inferred from the divergence and 
its measured size at the ICS interaction point. Measurements were in line with previously 
predicted and measured results. 
 
[1] F. Albert et al., Physical Review Special Topics - Accelerators and Beams 13, 070704 
(2010). 
[2] D. J. Gibson et al., Physics of Plasmas 11, 2857 (2004).   
[3] I. Sakai et al., Physical Review Special Topics - Accelerators and Beams 6, 091001 
(2003). 
[4] H. Kotaki et al., Nuclear Instruments and Methods in Physics Research Section A: 
Accelerators, Spectrometers, Detectors and Associated Equipment 455, 166 (2000).   
[5] W. P. Leemans et al., Physical Review Letters 77, 4182 (1996).  
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Abstract  The wakefield accelerator concept has produced a 
number of interesting spinoffs. Two will be discussed 
here. The possibility of reducing wakefields in CLIC 
and ILC beam delivery systems using dielectric 
collimators employing novel damping techniques. 
Second, progress towards a ferroelectric based THz 
nonlinear frequency multiplier structure will be 
presented.  

Summary  
Advances in dielectric materials and components have arisen in the context of research 
into new particle acceleration techniques, particularly those related to the dielectric 
wakefield accelerator. In this paper we focus on two of these applications, collimation 
and nonlinear THz generation.             
additional research on wakefield reduction in the collimator sections. New materials and 
new geometries have been considered recently. Dielectric collimators for the CLIC Beam 
Delivery System have been discussed with a view to minimize the BDS collimation 
wakefields. We present a number of dielectric collimator concepts for the linear collider; 
cylindrical and novel layered planar collimators for the CLIC parameters are considered. 
We show results of simulations of wakefields in these collimator configurations.      
dielectric wakefield accelerator, electromagnetic fields excited by an electron beam in a 
dielectric structure are used to accelerate a second, trailing beam to high energy. Energy 
can be efficiently extracted from the beam in this manner and thus the accelerating 
structure can also be used as an RF source, with frequencies extending into the THz. New 
ferroelectric materials, particularly Barium-Strontium Titanates exhibit potentially 
transformational uses in this technology. We discuss the applications to nonlinear 
frequency multiplication of the wakefield in a ferroelectric structure.       
for experimental tests of prototype collimator systems and nonlinear THz structures at 
Facilities for Accelerator Science and Experimental Test Beams (FACET) at SLAC.  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Abstract  The laser wakefields driven in underdense plasma are 
promising ultrafast bright X-ray sources, either from 
laser-driven electron beams through betatron 
radiation, undulator emission, and Compton 
scattering, or from a nonlinear laser wakefield itself. 
In this work, we propose a new mechanism of 
ultrafast coherent XUV emission with ultra-
broadband. 

Summary  
There has been significant interest over the last 10 years on the generation of ultrafast 
bright X-rays from laser-plasma interaction either from the interaction of ultrashort 
intense laser pulse with solid or gas targets. Various schemes have been proposed such as 
high harmonics generation, nonlinear Thomson scattering, betatron radiation, reflection 
of laser pulses from flying mirrors and etc. In particular, X and gamma-ray emission from 
laser-driven electron beams through betatron radiation, undulator emission, and Compton 
scattering has been observed recently. In this work, we propose a new mechanism of 
coherent ultrafast XUV emission, which has a duration of few femoseconds with ultra-
broadband in the spectrum continuing from zero to a few tens of the laser frequency. It is 
produced in a laser wakefield driven in the highly nonlinear regime or the wave-breaking 
regime in underdense plasma. The emission is caused by a transverse current sheet co-
moving with the laser pulse. This current sheet is produced by an electron density spike 
in the wakefield together with the transverse kinetic momentum of electrons left behind 
the laser pulse. This residual momentum appears when the laser pulse undergoes strong 
self-modulation and subsequent pulse steepening at the front. The emission can be 
produced with laser pulse parameters currently available according to our 2D and 3D 
particle-in-cell simulations. The present scheme provides a simple method to produce 
single bright ultrashort XUV pulses for ultrafast applications.  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Abstract  We present cold test results of a circularly polarized 
RF undulator cavity to be operated at 50 MW to yield 
the undulator strength parameter K = 0.7. Theoretical 
and simulation results of beam dynamics, including 
drift and defocusing studies, for 60 – 120 MeV 
electron bunches are also presented. 

Summary 
The promises of dynamic control of polarization, intensity, and wavelength of the FEL 
radiation by employing RF undulators have been discussed in recent literature. However, 
any practical undulator design has to overcome the challenges of yielding high undulating 
force (K ~ 1) while maintaining low RF power loss through side and end walls of the 
undulator cavity [1-2]. Balanced hybrid HE11 mode has been suggested for low surface 
fields on the side walls [2-4]. We had also proposed curved end walls for low power loss 
through side walls [4]. In this paper we present cold test results of a circularly polarized 
RF undulator cavity to be operated at 50 MW to yield the undulator strength parameter K 
= 0.7. The test results are compared with the numerical calculations done by a mode 
matching code. For bunch energies in the range 60 – 120 MeV, the RF undulator tuned at 
11.424 GHz with K~ 0.7 is expected to yield radiation in the range including visible 
spectrum.              
then specialized for HE11 mode. Beam dynamics is also studied through the 
implementation of a symplectic integration method. The drift of a 120 MeV bunch across 
the 1.3 m length of the RF undulator is calculated, both numerically and theoretically, to 
be around 0.8 mm. 
1. T. M. Tran, B. G. Danly et al. “Free electron lasers with electromagnetic standing 
wave wigglers”, IEEE Journal of Quantum Electronics. Vol. QE-23, NO. 9, pp. 1578-
1589, 1987. 
2. S. Tantawi, V. Dolgashev, C. Nantista, C. Pellegrini, J. Rosenzweig, G. Travish, “A 
coherent compton backscattering high gain FEL using an X-band microwave undulator”, 
FEL Conference 2005, Stanford, California, USA, 2005. 
3. M. Yeddulla, H. Geng, Z. Ma, Z. Huang, S. Tantawi, “Waveguide structures for RF 
undulators with applications to FEL and storage rings”, Proceedings of EPAC08, Genoa, 
Italy, 2008. 
4. M. Shumail, G. B. Bowden, C. Chang, J. Neilson, S. G. Tantawi, “Application of the 
Balanced Hybrid Mode in Overmoded Corrugated Waveguides to Short Wavelength 
Dynamic Undulators”, Proceedings of IPAC2011, San Sebastián, Spain, 2011. 
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Abstract A novel electro-optic THz pulse diagnostic is 
presented, where the THz bandwidth coverage is no 
longer limited by the laser bandwidth. Experiments 
are conducted with a 0.11-THz-bandwidth optical 
probe on a broadband THz source (0-8 THz detection 
bandwidth) rich in spectral features. The validity and 
technical details are discussed. 

Summary  
The method of laser-based electro-optic sampling (EOS) has proven a powerful technique 
for characterizing broad-bandwidth THz radiation. EOS also serves as a single-shot 
temporal diagnostic for femtosecond accelerator-produced electron beams. Conventional 
EOS-based techniques rely on a temporal cross-correlation of the THz field profile with 
an optical probe pulse, where the covered spectral bandwidth is intrinsically limited by 
the probe laser bandwidth. Here we experimentally demonstrate and discuss an EOS 
configuration operating directly in the spectral domain, by measuring the spectral 
sidebands created outside the probe bandwidth [bandwidth coverage now only limited by 
the electro-optic (EO) crystal]. This technique has single-shot capabilities and is 
compatible with fiber integration, offering strong practical advantages.      
of this work lies on study of the relevant diagnostic parameters. For this purpose we 
developed a laser-based THz source based on the 800m/400nm laser-focus-in-air 
generation scheme. This source is rich in spectral features and covers the 0-8 THz 
detection bandwidth of our EO crystal. We derived the narrow bandwidth probe laser 
from the same laser system as the THz pump. A grating and a slit insured that only a 
narrow part of the laser spectrum was selected. This 3-ps probe beam (bandwidth of 0.11 
THz) was then overlapped with the THz pulse in an electro-optic crystal. Sidebands over 
the full 0-8 THz bandwidth were observed.           
relevant diagnostic parameters, such as the retrieved spectral resolution, sideband 
amplitude, and dependency on probe delay. 
 
This work was supported by US DOE Contract No. DE-AC02-05CH11231. 
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Abstract  Simulations show that laser plasma accelerated e-
beams have correlated energy distribution. 
Measurements of coherent optical transition radiation 
are presented for broad-energy-spread beams with 
laser-induced density and momentum modulations. 
The long-range (meter-scale) observation of COTR 
indicates that the slice energy spread is below the 
percent level to preserve the modulations. 

Summary  
Laser plasma accelerators have been known to produce femtosecond electron beams of 
energy spread ranging from 100% to a few percent, with the latter value limited by 
detector resolution. To date, such energy distribution measurements have been performed 
in an integrated manner, integrating the electron distribution over the entire e-beam. 
Simulations indicate that the measured energy spread can be dominated by a correlated 
spread, with the slice spread significantly lower. Slice energy spread measurements with 
femtosecond resolution have traditionally been outside the capability of available 
diagnostics.              
(COTR) from electron bunches that have propagated for up to 4 m from the exit of the 
laser plasma accelerator (Lin et al. Phys. Rev. Lett. 108, 094801 [2012]). Transition 
radiation images, produced by electrons passing through two separate foils (located from 
the LPA at 2.3 m and 3.8 m) were recorded with a high resolution imaging system. 
Transition radiation in the visible wavelength regime was measured at signal levels of 
more than two orders of magnitude greater than expected from incoherent emission. The 
enhancement results from coherent effects due to the presence of longitudinal and 
transverse e-beam microstructure. The observations indicate that such structure on the 
electron beams persisted over meter-scale propagation distances. This persistence implies 
an upper limit for the slice energy spread on the sub-percent level. Furthermore, for a 
selection of shots the coherent enhancement from the 3.8- m foil was higher than the 
closer 2.3-m one, consistent with dynamic changes of the bunch structure due to beam 
velocity bunching. Experimental results and modeling efforts will be presented. 
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Abstract    We present for the first time a quantitative phase 
contrast X-ray tomogram of a biological specimen 
recorded with a laser driven betatron source. To this 
end we have characterized the source size and photon 
spectrum, and optimized them for phase contrast 
imaging. 

Summary    
Laser-wakefield acceleration of electrons has paved the way to a novel source of bright, 
partially spatial coherent synchrotron-like radiation using table-top laser systems. The 
fundamental mechanism behind the so-called betatron radiation is the wiggling of the 
electrons in the radial electrostatic plasma fields during the acceleration process. The 
small source size inherent to this concept permits its use for producing phase contrast 
images by the free propagation method. Such images taken from different perspectives 
combined with the computed tomography technique are able to provide detailed 
information about the specimen.  In the presented m easurement the Betatron radiation 
was used for tomographic imaging and characterization of the electron acceleration 
process. We address the important properties of this spatially coherent source such as its 
size and the photon spectrum. A single phase contrast image has a resolution of 5 µm 
which is limited by the detector pixel size . This is sufficient to resolve small structures 
like hairs and antennae of small insects.         
phase-contrast tomogram of a fly. Due to the stability and reproducibility of the source 
we were able to record 1500 laser shots necessary for the precise reconstruction of the 
insect.                   
resolving power and contrast. Both are needed for biomedical diagnostics and material 
sciences. The intrinsically short pulse duration of a few femtoseconds could also be 
exploited for time resolved investigations. 
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Abstract  Dense relativistic electron sheets can be generated by 
irradiating few-cycle intense laser onto nano-foils. 
When these electron sheets collide with a counter-
propagating laser, x-ray sources can be generated by 
coherent Thomson scattering. We also find that, in an 
exceptional configuration, these electron sheets can 
directly emit half-cycle XUV/x-ray pules. 

Summary  
We already proposed a laser-driven double-layer scheme [1] to generate a flat relativistic 
electron sheet (RES). This RES is free of transverse motion, which can dramatically 
degrade the Doppler shift factor for coherent Thomson scattering (CTS) from 4γ2 to its 
square root 2γ. The key of the scheme is that the second thicker foil (reflector) 
completely blocks the laser and the reflected light interacts with RES again to cancel the 
transverse momentum.             
powerful x-ray sources. We developed the nonlinear theory of CTS in the relativistic 
regime as>1 [2]. Nonlinear Doppler factor and CTS saturation effect are shown.     
scheme potentially needs phase-stabilized PW-class few-cycle drive lasers. Development 
of laser itself has already been a big challenge, not mention its phase-stabilization. We 
found that, when simply employing a circularly polarized (CP) light [3], phase-
stabilization is not necessary. The reason is simply that electron energy in the CP laser 
depends on laser envelope only.           -
layer target, we found that giant half-cycle XUV/x-ray (HCX) pulses can be generated 
[4]. For the oblique incidence, the reflected light kicks RES and gives it a transverse 
momentum, which is simply about tanθ (normalized to mc), θ is incident angle. The 
transverse current of RES emits HCX, which co-moves with RES, gets amplified and 
finally reaches saturation. This is the very first time that XUV/x-ray sources enter half-
cycle regime. HCX will open new era of XUV/x-ray optics and attosecond 
science.    A ll sim ulations in above works were done by the JPIC [5], which utilizes a 
numerical-dispersion-free field solver. 
References  1. H .-C. Wu, J. Meyer-ter-Vehn, J. Fernandez, B.M. Hegelich, Phys. Rev. 
Lett. 104, 234801 (2010).  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Abstract  This paper presents preliminary characterization of 

the terahertz pulses generated by the FACET electron 
beam via coherent transition radiation. The measured 
THz frequency content spans from 0.25 THz to 2.3 
THz and peaks at around 0.5 THz, with 0.69 mJ 
collected total energy per pulse. 

Summary  
The Facility for Accelerator science and Experimental Tests (FACET) at SLAC provides 
a high charge, high peak current, sub-picosecond bunched electron beam that is ideal for 
0.1 to 2 THz radiation generation via coherent transition radiation. The intense EM fields 
generated are orders of magnitude stronger than those available from laboratory tabletop 
sources, and open up opportunities for nonlinear THz experiments. This paper presents 
preliminary characterization of the terahertz pulses generated by the FACET electron 
beam. A one-micron thick Titanium foil has been inserted into the beam path and the 
radiated photons collected. Michelson spectroscopy yields THz frequency content 
spanning from 0.25 THz to 2.3 THz and peaked at around 0.5 THz. Multiple scans at 
different bunch compression show a monotonic increase of the peak radiation frequency 
as the electron bunch gets shorter. Several filtering effects are identified in the spectrum, 
including the water vapor absorption, the detector response, and the low frequency roll-
off due to diffraction limit and skin depth of the foil. Using the Kramers-Kronig relation, 
the temporal profile of the THz pulse is reconstructed from the power spectrum 
indicating a ~ 4 picosecond main pulse followed by a long oscillating tail due to the water 
absorption lines and detector response. Knife-edge scans measure a 4.4 x 4.8 mm2 
transverse spot size at the focal point of the THz optical path. The total collected energy 
per pulse is 0.69 mJ measured by a Joulemeter. Fitting this total energy to the 
spatiotemporal profile of the THz pulse yields peak e-field amplitude of 1.5 MV/cm. 
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